Introduction tethered Sir4 at the early origin to measure effects of Sir proteins on replication independent of any contribution Replication origins fire at various times throughout S phase, with particular origins constrained to fire at parfrom cis-acting sequences in the silencer. We studied the timing of initiation by releasing G1-ticular times [1]. Replication timing is correlated with subnuclear location [2, 3] and with chromatin structure arrested cells into hydroxyurea (HU), which causes the accumulation of replication intermediates at origins [14, or activity. For example, in mammalian cells, the inactive X chromosome replicates later in S phase than the active 15]. These intermediates were resolved by denaturing agarose gel electrophoresis and detected on Southern X. Studies in S. cerevisiae show that timing is determined by sequences outside the replicator or autonomously blots using origin-specific probes. Early replicating origins initiate efficiently in HU, whereas late origins are replicating sequence (ARS) [4, 5]. Placement of an early firing ARS in a silenced region or close to a telomere inhibited by the intra-S phase checkpoint. However, initiation can be seen at late origins even in HU if the check-(which is both transcriptionally silenced and near the nuclear periphery [ (HMR-E is a silencer from the silent mating type locus ARS607 was the same in both strains ( Figure 1A ). Release from the G1 block was the same in both strains HMR [18]). As expected, ARS305 replication intermediates appeared 25 min after release from G1 [14]. In as assayed by budding index (data not shown). The HMR-E sequences at ARS305 did not affect replication contrast, no replication intermediates were detected from ARS305:(HMR-E) 2 at any time after release ( Figure  34 kb away at ARS306, indicating that the silencer-mediated delay is local (data not shown). These data show 1A). Furthermore, the replication differences were specific for ARS305, since firing of the unlinked early origin that (HMR-E) 2 has a dramatic effect on ARS function prove that ARS305 itself is initiating late in the context of ARS305:(HMR-E) 2 because HMR-E has replicator function (but see below). Nevertheless, we can conclude on replication was dependent on the Sir complex by using a ⌬sir4 mutant, which cannot establish or maintain that HMR-E has a dominant effect on ARS305.
HMR-E recruits a Sir protein complex that spreads the complex [20] . ⌬sir4 mutants are resistant to ␣ factor, because they fail to silence genes at HML, so we deleted into nearby chromatin, leading to a transcriptionally silent state [20, 21] . We asked whether the effect of HMR-E these genes at HML to enable us to continue to use ␣ 
. ARS305:(HMR-E*) 2 was restored were generated was identical (Figures 2A and 2B) . Thus, SIR4 is essential for the resetting of ARS305 from early to an early firing state, having the same timing as ARS305 (Figures 3B and 3C) . A control mutation in the to late by (HMR-E) 2 . We find that SIR4 is not essential for the late replication of HMR (data not shown), presumably ORC binding site that had no effect on the ARS activity of (HMR-E) 2 also had no effect on the ability of HMR-E to because HMR is more complex than (HMR-E) 2 . Similarly, disrupting silencing by mutation of cis-acting sequences delay replication initiation at ARS305 (data not shown). SIR1 (Figures 3B and 3C) . Thus, Sir1 is important for HMR-E control of DNA replication at an ectopic locus.
4B and 4C). We note that silencing of APA1 is reproduci- Since Sir4 is found at the nuclear periphery [9], we thought Sir4 might affect timing by tethering associated origins to the nuclear periphery. As an alternative method of tethering an origin to the nuclear periphery, we used G BD -Yif1 to tether ARS305:(G) 5 . (Yif1 is an integral membrane protein.) Overexpression of G BD -Yif1 had previously been shown to cause the protein to accumulate at the nuclear periphery and to anchor an HMR locus with GAL4 sites at the periphery [31] . In our experiments, G BD -Yif1 had no effect on replication of ARS305:(G) 5 (data not shown). This suggests that simply tethering ARS305:(G) 5 to the nuclear periphery is not sufficient to confer late replication timing. Likewise, the previous work had shown that simple tethering failed to silence transcription in the absence of at least one HMR-E si- because the Sir proteins modify chromatin structure. Ability of Sir proteins and a silencer to make replication bly better in the rad53-21 mutant ( Figures 4B and 4C late is correlated with transcriptional silencing. Thus, and data not shown). Perhaps this is due to the rad53 our experiments identify a Sir-dependent pathway for mutation affecting the cell cycle; previous work has control of replication timing and provide a defined condemonstrated that many cell cycle mutants also text in which to investigate exactly which aspects of strengthen silencing [29] . Importantly, our results show chromatin structure affect timing. a strong correlation between the transcriptional silencing of APA1 and late replication initiation at ARS305. 
Experimental Procedures

Next we asked if simply targeting a Sir protein to an
